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AIR CONDITIONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present 1invention 1s a Divisional Application of U.S.
patent application Ser. No. 11/468,555, filed on Aug. 30,

2006, entitled “Air Conditioning System.” The parent appli-
cation Ser. No. 11/468,3555, claims the benefit of priority to
U.S. Provisional Patent Application No. 60/813,611, filed on
Mar. 2, 2006, entitled “Air Conditioning System,” and 1s a
continuation-in-part of U.S. patent application Ser. No.
11/456,199, filed on Jul. 8, 2006, entitled “Air Conditioning
System.” The entire contents of the aforementioned applica-
tions are incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates to an automotive air condi-
tiomng system. In more particular, the present invention
relates to systems, methods, and apparatus, for utilizing
deceleration of an automotive engine to compress refrigerant
in an air conditioning system.

2. The Relevant Technology

For the past several decades, air conditioning systems have
been used 1n automobiles and other motor vehicles during hot
weather to provide more comiortable conditions for drivers
and other occupants of the motor vehicles. Traditional air
conditioning systems utilize a refrigerant to cool and/or dehu-
midify air. The cool air 1s then dispersed into the passenger
compartment 1n a manner so as to mitigate the temperature 1n
the passenger compartment.

Traditional automotive air conditioning systems draw the
power to compress the refrigerant from the engine of the
motor vehicle. In one configuration, an engine fan belt pulley
1s connected to the engine and to the compressor of the air
conditioning system. When 1t becomes necessary to further
compress the refrigerant in the air conditioning system, a
clutch (e.g., a magnetically operated clutch—“magnetic
clutch”) provides engagement between the compressor and
the fan belt pulley. Engaging the magnetic clutch allows the
fan belt pulley to provide power to the air conditioner com-
pressor from the engine, effectively compressing the refrig-
crant 1n the system.

For example, when an air conditioner 1s switched to an
“on” position to cool the motor vehicle’s interior, the mag-
netically-operated clutch provides an effective engagement
between the compressor and the fan belt pulley. This trans-
lates power from the engine, allowing the compressor to
operate and compress the refrigerant. Once compressed to a
pre-set pressure level, the compressor 1s disconnected from
the engine, such as by disengaging the magnetic clutch. The
air conditioning system then passes the compressed refriger-
ant through a condenser/heat exchanger and, thereatter, to an
expansion valve, orifice tube, or other mechanism 1n the air
box heat exchanger. In the air box heat exchanger, the com-
pressed refrigerant 1s expanded and liquefied to thereby cool
incoming air. The fresh air, once cooled, 1s directed into the
car’s interior.

Typically, a high and/or low pressure switch 1s utilized to
identily the pressurization of the refrigerant 1n the air condi-
tioming system. Pressurization of refrigerant in the air condi-
tioming system allows for desired expansion of the refrigerant
in the air box heat exchanger to cool air. Before the refrigerant
passes 1nto the air box heat exchanger, such as 1n the com-
pressor or tubing between the condenser/heat exchanger and
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the air box heat exchanger, the refrigerant 1s in a high pressure
state. This 1s often referred to as the high pressure side of the
system. When the refrigerant passes mnto the air box heat
exchanger and before being recompressed 1n the compressor,
the refrigerant 1s 1n a low pressure state. This 1s often referred
to as the low pressure side of the system.

The configuration of most air conditioning compressors
does not require continuous actuation of the magnetic clutch,
the engine fan belt, or other sources of power for the com-
pressor. In particular, during operation of the air conditioner,
operation of the heat exchanger generally needs only inter-
mittent operation of the magnetic clutch/compressor. As the
volume of refrigerant 1s being expanded and passed into the
low pressure side of the system, the transfer of refrigerant to
the low pressure side of the system increases the pressuriza-
tion on the low pressure side of the system. Similarly, the
volume of refrigerant that 1s being held on the high pressure
side of the system decreases. The decrease 1n the volume of
refrigerant decreases the pressurization of refrigerant on the
high pressure side of the system.

Of course, the decrease 1n the pressurization on the high
pressure side of the system can decrease the efficiencies of
operation of the air conditioner. For example, the refrigerant
may not provide optimized cooling of air in the air box heat
exchanger. The state of pressurization of the refrigerant can
thus be detected 1n a number of ways. In one conventional
system, the pressurization of the refrigerant on the low pres-
sure side of the system 1s monitored as an indicator of the
pressurization of the refrigerant on the high pressure side of
the system. For example, when the pressurization of the
refrigerant on the low pressure side of the system increases to
a certain level, the pressurization o the refrigerant on the high
pressure side of the system 1s deemed to have decreased
below desired levels.

When the refrigerant on the low pressure side of the system
has reached certain upper pressure limits, the magnetic clutch
1s engaged and power from the engine 1s translated to the
compressor. Refrigerant pulled from the low pressure side of
the system 1s compressed by the compressor to increase pres-
surization of the refrigerant on the high pressure side of the
system. Once the pressurization of the refrigerant on the low
pressure side of the system has been reduced by operation of
the compressor, the magnetic clutch 1s disengaged, and the
engine 1s allowed to operate without the increased load
required to drive the engine fan belt pulley.

The 1ncrease 1n pressurization of refrigerant on the high
pressure side of the air conditioning system allows the refrig-
crant to be useful as 1t flow through the condenser/heat
exchanger. In particular, the compressed refrigerant contin-
ues cooling even when the engine fan belt pulley 1s not n
engagement with the compressor. Ultimately, however, the
continual flow of refrigerant and cooling of air in the heat
exchanger also results 1n a gradual decline 1n pressurization of
the refrigerant 1n the air conditioning system.

When the refrigerant pressure reaches a preset high pres-
sure value on the low pressure side of the system (i.e.,
depleted high pressure side), the low pressure side limit
switch again turns the magnetic clutch back on, allowing the
compressor to once again draw power from the engine pulley,
and increase the pressurization of the refrigerant on the high
pressure side of the system. When the refrigerant reaches the
preset low pressure value on the low pressure side of the
system, the low pressure limit switch again disengages the
magnetic clutch and the compressor from the engine pulley.

Since the depressurization of refrigerant on the high pres-
sure side 1s gradual, the ongoing air conditioning can continue
to run for some time without applying a load on the motor
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vehicle engine. While this provides efficiencies i system
operation, a number of deficiencies are also presented. For
example, because the air conditioning system does not apply
a continuous load to the motor vehicle engine, the default
operating state of the motor vehicle 1s typically one 1n which
the engine fan belt pulley 1s not in operation. Thus, motor
vehicle engines are often designed to optimally operate 1n the
absence of running of the engine fan belt pulley. As a result,
during certain operating conditions, 1t can be disadvanta-
geous for the air conditioning system to exert a load on the
motor.

For example, typical compressors of air conditioning sys-
tems may not be actuated when the motor vehicle 1s 1dling, or
when the temperature of the engine has exceeded certain
upper temperature limits. Instead, the compressors of conven-
tional air conditioning systems are configured to operate
when the motor 1s 1n a state of acceleration or at a constant
driving speed. During acceleration, increased load on the
engine 15 expected as part of the acceleration process. While
engaging of the engine fan belt pulley during acceleration
may place an increased load on the engine of the motor
vehicle, such increased load 1s typically minimal compared to
the load placed on the engine during acceleration.

In other words, the design requirements which allow for
acceleration of the motor vehicle engine also tends to accom-
modate the increased load needed to drive the engine fan belt
pulley, and charge the air conditioning compressor. While
utilizing acceleration cycles to power the air conditioning
compressor does not present challenges 1n operation of the
motor vehicle engine, the additional engine load imparted by
the air conditioning compressor can nonetheless represent
significant fuel consumption increases when compared with
engine operation 1n the absence of such additional load.

For example, in some situations, depending on the specific
heat load encountered during operation of the air condition-
ing system, operation of the air conditioning compressor can
result 1n about 20-25 percent or more reduction in overall
vehicle fuel efficiency (e.g., mpg, kpl, etc.) Such energy con-
sumption implications can not only limait the fuel efficiency of
the motor vehicle, but can also be quite costly when the air
conditioning system 1s used over a period of weeks or months.
Additionally, such additional energy consumption results in
the burning of additional fossil fuels which correspondingly
increases the total combustion exhaust expelled by the motor
vehicle during operation.

BRIEF SUMMARY OF THE INVENTION

Implementations of the present invention relate to systems,
methods, and apparatus for improving the vehicle fuel effi-
ciency when compressing an air conditioner refrigerant for
use 1n an air conditioning system of a motor vehicle. Accord-
ing to one or more implementations of the present invention,
when the pressurization of the refrigerant of the air condition-
ing system drops below a desired level, 1t 1s determined
whether the engine of the motor vehicle 1s decelerating. When
the engine of the motor vehicle 1s decelerating, such as when
the driver’s foot 1s off the gas pedal, a pressurization system
1s actuated to draw power from the motor vehicle engine to
charge the refrigerant (1.¢., operate the air conditioning sys-
tem compressor) of the air conditioning system. The pressur-
1zation system utilizes energy from the decelerating motor to
increase the pressurization of the refrigerant in the air condi-
tioning system.

According to one embodiment of the present mvention,
utilizing energy from the engine of the motor vehicle during
deceleration to operate the air conditioning system compres-
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sor results 1n significant vehicle fuel efficiency gains. Draw-
ing power from the engine during deceleration does not
reduce performance of the engine output, or result 1n added
fuel consumption, such as 1s experienced when a load 1is
placed on the engine during acceleration (or while traveling at
constant speeds). Theload applied to the engine during decel-
eration can also help slow the vehicle, and can actually result
in savings in braking effort, time, and force.

According to another embodiment of the present invention,
when the pressurization of the refrigerant in the air condition-
ing system 1s below a desired level of pressurization and the
engine 1s decelerating, a clutch, or other pressurization sys-
tem component, can draw power from the decelerating
engine. The power drawn from the decelerating engine can be
utilized to increase the pressurization of the refrigerant in the
air conditioning system. According to one embodiment of the
present invention, the pressurization of the refrigerant 1n the
air conditioning system 1s ascertained for the high pressure
side of the system. Optionally, the pressurization of the refrig-
crant 1n the air conditioning system on the high pressure side
of the system 1s monitored by determining the pressurization
of the refrigerant on the low pressure side of the system. In
another embodiment, the pressurization of the refrigerant on
the high pressure side of the system can be monitored directly.

According to another embodiment of the present invention,
a dual-mode system 1s provided. The dual-mode system can
optionally charge the air conditioning system 1n the absence
of a deceleration cycle while also allowing for efficient com-
pression of the refrigerant during deceleration of the motor
vehicle. For example, when the pressurization of the refrig-
erant on the high pressure side of the air conditioning system
1s less than a minimum level, the pressurization system 1s
actuated to increase the pressurization of the refrigerant in the
air conditioming system, even when the engine 1s not decel-
crating.

Optionally, when the engine 1s not decelerating, the refrig-
crant 1n the air conditioning system will be compressed until
the pressurization reaches an intermediate value (e.g., an
acceleration pressurization maximum value). The intermedi-
ate value can be less than the maximum pressurization limit to
maintain capacity for additional pressurization when decel-
eration of the engine occurs. When the pressure 1n the air
conditioning system 1s greater than the minimum level, but
less than a maximum pressurization, the pressurization sys-
tem 1s actuated only when the engine 1s decelerating.

As will be appreciated by those skilled in the art, a varniety
of types and configurations of air conditioning systems can be
utilized without departing from the scope and spirit of the
present invention. For example, according to one embodi-
ment of the present invention, an efficient automotive air
conditioning system 1s provided as part of the original auto
vehicle design. According to another embodiment of the
present mvention, an automotive air conditioning system 1s
provided that can be retrofit as an after market component for
traditional automotive air conditioning systems.

According to another embodiment of the present invention,
one or more components of the automotive air conditioning
system are tailored to provide greater efficiencies 1n connec-
tion with a dual-mode or other efficient air conditioning sys-
tem design. For example, a compressor having an increased
volume reservoir 1s provided to hold a charge during pro-
longed periods of acceleration or constant driving speed con-
ditions of the engine.

In additional or alternative embodiments, one or more
supplementary reservoirs are provided with a compressor to
hold a charge during prolonged periods of acceleration or
constant driving speed conditions of the engine before decel-
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erating. According to still another embodiment, a compressor
having increased capacity 1s provided to optimize the com-
pression of refrigerant 1n the reservoir to hold a charge during
prolonged periods of acceleration or constant driving speed
conditions of the engine. According to yet still another
embodiment of the present invention, a dynamic pressure
sensor 1s provided to allow for dynamic regulation of the
pressurization system. According to further still another
embodiment of the present invention, a secondary pressure
sensor such as a pressure switch i1s provided which can be
retrofit onto existing components of standard air conditioning,
systems.

Additional features and advantages of exemplary imple-
mentations of the invention will be set forth 1n the description
which follows, and 1n part will be obvious from the descrip-
tion, or may be learned by the practice of such exemplary
implementations. The features and advantages of such imple-
mentations may be realized and obtained by means of the
istruments and combinations particularly pointed out 1n the
appended claims. These and other features will become more
tully apparent from the following description and appended
claims, or may be learned by the practice of such exemplary
implementations as set forth hereinaftter.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarily the above and other advantages and fea-
tures of the present invention, a more particular description of
the mvention will be rendered by reference to specific
embodiments thereof which are illustrated i the appended
drawings. It 1s appreciated that these drawings depict only
typical embodiments of the invention and are therefore not to
be considered limiting of its scope. The mvention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings 1n which:

FI1G. 1 1s a block diagram of components of an automotive
air conditioning system configured to allow for eflicient pres-
surization of an air conditioming refrigerant;

FI1G. 2 1s a flow diagram 1llustrating a method for efficient
pressurization of an air conditioning reifrigerant in an air
conditioning system of an auto vehicle;

FIG. 3 1s a logic flow diagram illustrating a method for
dynamically pressurizing a refrigerant of an air conditioning
system 1n a dual-mode manner;

FI1G. 4 1s a graphic 1llustrating pressurization of a refriger-
ant utilizing different methods and systems, according to one
embodiment of the present invention; and

FIG. 5 1s a schematic of a circuit utilized to efficiently
pressurize an air conditioming system, according to one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Implementations of the present invention relate to systems,
methods, and apparatus for improving the vehicle fuel effi-
ciency when compressing an air conditioner refrigerant for
use 1n an air conditioning system of a motor vehicle. Accord-
ing to one or more implementations of the present invention,
when the pressurization of the refrigerant of the air condition-
ing system drops below a desired level, 1t 1s determined
whether the engine of the motor vehicle 1s decelerating. When
the engine of the motor vehicle 1s decelerating, such as when
the driver’s foot 1s off the gas pedal, a pressurization system
1s actuated to draw power from the motor vehicle engine to
charge the refrigerant (1.e., operate the air conditioning sys-
tem compressor) of the air conditioning system. The pressur-
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6

1zation system utilizes energy from the decelerating motor to
increase the pressurization of the refrigerant in the air condi-
tioning system.

According to one embodiment of the present 1nvention,
utilizing energy irom the engine of the motor vehicle during
deceleration to operate the air conditioning system compres-
sor results 1n significant vehicle fuel efficiency gains. Draw-
ing power irom the engine during deceleration does not
reduce performance of the engine output, or result 1n added
fuel consumption, such as 1s experienced when a load 1is
placed on the engine during acceleration (or while traveling at
constant speeds). Theload applied to the engine during decel-
eration can also help slow the vehicle, and can actually result
in savings i1n braking effort, time, and force.

According to another embodiment of the present invention,
when the pressurization of the refrigerant 1n the air condition-
ing system 1s below a desired level of pressurization and the
engine 1s decelerating, a clutch, or other pressurization sys-
tem component, can draw power from the decelerating
engine. The power drawn from the decelerating engine can be
utilized to increase the pressurization of the refrigerant in the
air conditioning system. According to one embodiment of the
present invention, the pressurization of the refrigerant 1n the
air conditioning system 1s ascertained for the high pressure
side of the system. Optionally, the pressurization of the refrig-
erant 1n the air conditioning system on the high pressure side
of the system 1s monitored by determining the pressurization
of the refrigerant on the low pressure side of the system. In
another embodiment, the pressurization of the refrigerant on
the high pressure side of the system can be monitored directly.

According to another embodiment of the present invention,
a dual-mode system 1s provided. The dual-mode system can
optionally charge the air conditioning system 1n the absence
of a deceleration cycle while also allowing for efficient com-
pression of the refrigerant during deceleration of the motor
vehicle. For example, when the pressurization of the refrig-
erant on the high pressure side of the air conditioning system
1s less than a minimum level, the pressurization system 1s
actuated to increase the pressurization of the refrigerant in the
air conditioning system, even when the engine 1s not decel-
erating.

Optionally, when the engine 1s not decelerating, the refrig-
erant 1n the air conditioning system will be compressed until
the pressurization reaches an intermediate value (e.g., an
acceleration pressurization maximum value). The intermedi-
ate value can be less than the maximum pressurization limit to
maintain capacity for additional pressurization when decel-
cration of the engine occurs. When the pressure in the air
conditioning system 1s greater than the minimum level, but
less than a maximum pressurization, the pressurization sys-
tem 1s actuated only when the engine 1s decelerating.

As will be appreciated by those skilled in the art, a varniety
of types and configurations of air conditioning systems can be
utilized without departing from the scope and spirit of the
present invention. For example, according to one embodi-
ment of the present invention, an efficient automotive air
conditioning system 1s provided as part of the original auto
vehicle design. According to another embodiment of the
present mvention, an automotive air conditioning system 1s
provided that can be retrofit as an after market component for
traditional automotive air conditioning systems.

According to another embodiment of the present invention,
one or more components of the automotive air conditioning
system are tailored to provide greater efficiencies in connec-
tion with a dual-mode or other efficient air conditioning sys-
tem design. For example, a compressor having an increased
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volume reservoir 1s provided to hold a charge during pro-
longed periods of acceleration or constant driving speed con-
ditions of the engine.

In additional or alternative embodiments, one or more
supplementary reservoirs are provided with a compressor to
hold a charge during prolonged periods of acceleration or
constant driving speed conditions of the engine before decel-
erating. According to still another embodiment, a compressor
having increased capacity 1s provided to optimize the com-
pression of refrigerant 1n the reservoir to hold a charge during,
prolonged periods of acceleration or constant driving speed
conditions of the engine. According to yet still another
embodiment of the present invention, a dynamic pressure
sensor 1s provided to allow for dynamic regulation of the
pressurization system. According to further still another
embodiment of the present invention, a secondary pressure
sensor such as a pressure switch 1s provided which can be
retrofit onto existing components of standard air conditioning,
systems.

FIG. 1 1s block diagram of an air conditioning system for
use 1n a motor vehicle, according to one embodiment of the
present invention. In the i1llustrated embodiment, the system
10 comprises a compressor 20 having a high pressure refrig-
erant reservoir 22, a condenser/heat exchanger 23, an air box
heat exchanger 28, and a plurality of components for pressur-
1zing the relrigerant in the refrigerant reservoir 22. In general,
compressor 20 1s also communicatively coupled with a low
pressure refrigerant reservoir 23.

As 1mplied by their names, the refrigerant in refrigerant
high pressure reservoir 22 will generally be 1n a state of
greater compression than that in low pressure refrigerant res-
ervoir 23. The specific refrigerant pressure(s) in reservoirs 22
and 23, however, can vary from one operating environment to
the next. Furthermore, the specific type of refrigerant can also
vary irom one implementation to the next. For example, a
manufacturer can select any refrigerant, such as one designed
to cool when expanded, including such commonly known
refrigerants as “FREON,” R-12, and/or R-134.

In any event, the refrigerant in high pressure reservoir 22 1s
compressed to a desired pressurization parameter. The pres-
surization parameter of the refrigerant 1s typically dictated
according to known design variables of the compression sys-
tem, the particular refrigerant being utilized in the system,
and/or the type of heat exchanger utilized. The pressurization
parameters can also be dictated based on the air conditioning,
heat load encountered during operation, and/or other vari-
ables that affect the operating parameters of the system.

Once compressed, the refrigerant exits the refrigerant res-
ervoir 22 at a point 24 and passes into condenser/heat
exchanger 25. Condenser/heat exchanger 25 then cools the
temperature of the compressed refrigerant. In other words,
the refrigerant at points 24 and 26 1s prepared (compressed
and cooled) to be utilized 1n heat exchanger 28. After being
cooled, the refrigerant then tlows from the condenser/heat
exchanger 25 to air box heat exchanger 28, such as at point 26.
At point 24 and point 26, the refrigerant has compression
parameters that are largely similar to those of the refrigerant
in reservoir 22. Accordingly, reservoir 22 and points 24 and
26 generally represent the “high pressure side” of air condi-
tioming system 10, while reservoir 23 and points 34 and 36
generally present the “low pressure side” thereof.

The heat exchanger 28 then passes the refrigerant through
any number ol components configured for efficient thermal
transier (e.g., countercurrent heat exchange) between the
reirigerant and the imcoming air. For example, when the
reifrigerant enters heat exchanger 28, the refrigerant 1s
expanded through a refrigerant expansion valve 27, or other
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known refrigerant expansion mechanisms. Expansion of
refrigerant in heat exchanger 28 provides the cooling proper-
ties of the refrigerant in the air conditioning system. The
refrigerant then passes within the heat exchanger 28 through
any number of coils, tubing, or other known heat exchange
components, which allow the expanded refrigerant to absorb
heat from the mmcoming air. This absorption of heat occurs
along most, 11 not all, points along the heat exchanger 28
since, although gradually warming, the refrigerant generally
remains cooler than the temperature of the incoming air.

Thus, as incoming air at point 29 enters heat exchanger 28,
it 1s mn1tially cooled a degree with refrigerant that has already
passed through the substantial length of heat exchanger 28.
Further along the heat exchanger 28, the air continues to cool
incremental amounts as 1t continually transiers heat to gradu-
ally cooler, expanded refrigerant. (Conversely, the refrigerant
continues to warm along the length of the heat exchanger 28
in the reverse direction.) As a result, the incoming air at point
30 1s typically much cooler than at point 29, and 1s generally
suited for cooling passenger compartment 32. The corollary,
of course, 1s that the refrigerant that 1s exiting (or 1s about to
exit) the heat exchanger 28 (1.e., at point 34) will have much
warmer temperature parameters compared with 1ts tempera-
ture at its entry points 26, 27.

Furthermore, the expanded refrigerant at point 34 also has
lower pressure parameters than at points 24 and 26. Gener-
ally, the lower pressure of the refrigerant at points 24 and 26
1s such that the refrigerant will not be efficient (compared
with refrigerant on the high pressure side) at cooling incom-
ing air without additional compression. This 1s despite the
fact that the pressurization of refrigerant volume 1n the low
pressure reservolr 23 tends to increase due to the increase in
refrigerant volume on the low pressure side. Of course, when
there 1s too much refrigerant on the low pressure side of the air
conditioning system, this means there has been a correspond-
ing decrease or depletion 1n refrigerant volume and pressur-
ization of compressed refrigerant on the high pressure side
(1.e., reservoir 22, and points 24 and 26). As previously dis-
cussed, as the volume (and corresponding pressurization) of
refrigerant decreases on the high pressure side, the efficiency
by which the refrigerant can cool incoming air 1s reduced.

Accordingly, embodiments of the present invention a num-
ber of ways for appropriately determining refrigerant param-
cters on the low pressure side of the air conditioning system
and/or on the high pressure side. As shown 1 FIG. 1, for
example, pressurization on the low pressure side 1s measured
by pressure switch 48, which, 1n turn, at least indirectly drives
engagement of magnetic clutch 40. For example, when the
pressure switch 48 1dentifies that the refrigerant on the low
pressure side of the system has reached certain upper pressure
limats, the magnetic clutch 40 1s engaged, and power from the
engine 38 1s translated to compressor 20.

Retrigerant volume 1s then pulled from the low pressure
side of the system (which reduces refrigerant volume and
pressure on the low pressure side), and compressed 1n com-
pressor 20. Compressor 20 then passes the compressed refrig-
crant volume to the high pressure reservoir 22 (which
increases the refrigerant pressurization and volume on the
high pressure side). Once the pressure switch 1dentifies that
the pressurization of the refrigerant on the low and/or high
pressure side of the system has reached an appropriate level,
the magnetic clutch 40 1s disengaged.

For example, FIG. 1 further illustrates an engine 38, which
1s operably connected to compressor 20 by means of a clutch
40 (e.g., “magnetic clutch™), and pulleys 42 and 44. Engine 38
1s exemplary of motor vehicle engines which utilize fuel
combustion, electrical power, or the like to provide power for
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desired motor vehicle operation. In the illustrated embodi-
ment, a compressor 20 1s operably linked to engine 38 by
magnetic clutch 40. When the magnetic clutch 40 1s engaged,
a pulley 44 1s actuated, and receives power from apulley 42 of
engine 38. Pulley 44, 1n turn, 1s linked to compressor 20 1n a
manner such that power from engine 38 1s relayed to com-
pressor 20 to allow for compression of refrigerant into reser-
voir 22.

A controller 46 (e.g., a “magnetic clutch controller”) 1s
operably linked to magnetic clutch 40. Magnetic clutch con-
troller 46 1s also linked to pressure switch 48, such that when
the pressurization of the refrigerant 1in refrigerant reservoir 22
falls below a predetermined level (or alternatively, pressur-
1zation of refrigerant 1n reservoir 225 rises above a predeter-
mined level), magnetic clutch controller 46 can actuate mag-
netic clutch 40. When magnetic clutch 40 1s actuated, power
from engine 38 1s translated to compressor 20 by means of
pulleys 42 and 44. As previously discussed, the pressurization
of refrigerant 1n refrigerant reservoir 22 and the high side of
the system can be determined based on the pressurization of
reirigerant on the low side of the system utilizing pressure
switch 48.

In the 1llustrated embodiment, a gas pedal 50 and an accel-
erator switch 52 are also provided. When a user presses on the
gas pedal, accelerator switch 52 detects that the engine 38 1s
in a state of acceleration. When the user lets off the gas pedal,
the accelerator switch 52 can also determine that the engine 1s
in a state of deceleration. Deceleration of the engine can be
defined as a state 1n which the engine 1s not accelerating or
operating a constant speed. Deceleration of the engine can
also be defined as a state when the torque of the vehicle drive
shaft 1s 1n the opposite direction as during acceleration (or as
constant speed).

Additionally, deceleration can be defined as a state 1n
which braking of the vehicle 1s utilized to slow the rate of
speed of the vehicle. Deceleration of the engine can be further
defined as the state 1n which the engine 1s no longer powering
the movement of the vehicle. Deceleration of the engine can
also be defined as a state 1n which waste kinetic and/or poten-
tial energy 1s available, such as may occur when a vehicle 1s
accelerating or traveling down a hill, but gravity, and not the
engine, 1s powering such movement. Therefore, 1n certain
circumstances, engine deceleration may occur when a vehicle
1s accelerating, such that the engine 1s being turned by the
drive shaft with torque in the opposite direction as when
accelerating on a level road.

In one implementation, deceleration of the engine 38 can
be 1dentified at magnetic clutch controller 46 by means of
accelerator switch 52. When the engine 1s decelerating, the
magnetic clutch controller 46 can engage the magnetic clutch
40, allowing energy from the decelerating engine 38 to be
translated to compressor 20 by means of pulleys 42 and 44. In
this manner, energy from the decelerating engine can be
utilized to increase the pressurization of the refrigerant in the
air conditioning system. Since the engine 38 1s 1n a state of
deceleration, energy which 1s utilized to pressurize the refrig-
erant 1n refrigerant reservoir 22 does not result in the same
degree of increased energy output as would be the case 1t a
load was placed on engine 38 during acceleration of the
engine 38. According to one embodiment of the invention, no
additional energy output of the engine 1s experienced when
compressing refrigerant during deceleration of the engine.

As will be appreciated by those skilled 1n the art, a variety
of types and configurations of efficient automotive air condi-
tioming systems can be utilized without departing from the
scope and spirit of the present mvention. For example,
according to one embodiment of the present invention, the
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pressure switch 48 comprises a high pressure side sensor.
According to another embodiment of the present invention, a
pressure sensor other than a pressure switch 1s utilized to
detect the pressurization of the refrigerant in the reservorr.

According to another embodiment of the present invention,
power Irom the engine 38 can be translated to the compressor
20 utilizing a mechanism other than a magnetic clutch and
pulley system. According to another embodiment of the
present invention, deceleration of the engine 1s detected uti-
lizing a sensor other than an accelerator switch. According to
another embodiment of the present invention, one or both of
the acceleration sensor or pressure sensor are dynamically
regulated based on the pressurization of the refrigerant in the
refrigerant reservotr.

FIG. 2 1s a flow diagram depicting an 1llustrative method
for improving the energy elliciency in charging an air condi-
tioner refrigerant for use 1n an air conditioning system of a
motor vehicle according to one embodiment of the present
invention. In the illustrated embodiment, pressurization of the
refrigerant 1n the air conditioning system 1s detected 1n step
60. Subsequent to detecting the pressurization of the refrig-
erant in step 60, 1t 1s determined whether the pressurization of
the refrigerant 1n the air conditioning system 1s below a maxi-
mum pressurization value (P, ) 1in step 62.

This can be monitored directly on the high pressure side of
the system, indirectly on the low pressure side of the system,
or 1n another position in the system. It 1s then identified
whether the engine 1s 1n a state of deceleration 1n step 64.
Subsequent to 1dentifying that the engine 1s decelerating, a
pressurization system which utilizes power from the engine 1s
actuated 1n step 66. By utilizing power from the decelerating
engine, additional energy output i1s not required to provide
power to the pressurization system. This provides additional
energy elficiency while providing for desired pressurization
of the system.

Once the pressurization system 1s actuated, compression of
the refrigerant 1s begun in step 68. The pressurization of the
refrigerant reaches a maximum level in step 70. As mentioned
throughout this specification, this pressure status can be
monitored directly on the high pressure side of the system,
indirectly on the low pressure side of the system, or in another
position in the system. In any event, once the pressurization of
the refrigerant reaches the maximum level, the pressurization
system (which utilizes power from the engine to compress the
refrigerant) 1s de-actuated in step 72. By de-actuating the
pressurization system, power from the engine 1s no longer
translated to the air conditioning compressor, and thus pres-
surization of the refrigerant 1s discontinued. Operation of the
air conditioning system nevertheless continues 1n step 74.

As will be appreciated by those skilled in the art, a variety
of types and configurations ol methods for efficient operation
of the automotive air conditioning system can be utilized
without departing from the scope and spirit of the present
invention. For example, according to one embodiment of the
present invention, pressurization of the refrigerant only con-
tinues as long as the engine i1s decelerating. According to
another embodiment of the present invention, the pressuriza-
tion system comprises an engine pulley and magnetic clutch
combination. According to another embodiment of the
present invention, deceleration of the engine 1s 1dentified
betore it 1s determined that the pressurization of the refriger-
ant 1s below the maximum desired pressurization.

FIG. 3 15 a flow diagram 1llustrating a method for improv-
ing eificiency 1n charging an air conditioner refrigerant for
use 1n an automotive air conditioming system. In the illus-
trated embodiment, the method begins 1n step 80. The pres-
surization of the refrigerant 1s detected 1n step 82. The pres-
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surization of the refrigerant can be monitored directly on the
high pressure side of the system, indirectly on the low pres-
sure side of the system, or 1n another position in the system.
Subsequent to detecting the pressurization of the refrigerant,
it 1s determined whether the pressurization of the refrigerant
1s below 400 pounds per square 1nch (ps1) (or other appropri-
ate pressurization maximum value for a system) on the high
pressure side of the system 1n a decision step 84. One will
appreciate that reference herein to 400 psi (or any other spe-
cific pressure values) 1s provided as an exemplary value for at
least one implementation of an air conditioning system.

In any event, 1f the refrigerant pressurization is not below
400 ps1, the system bypasses steps 86-94 and advances
directly to step 96 which will be discussed 1n greater detail
hereinafter. In the event that the refrigerant pressure 1s below
400 ps1or other pressurization maximum value, 1t 1s identified
whether an engine deceleration event 1s detected 1n a decision
step 86. In the event that an engine deceleration 1s detected, a
compressor (e.g., 20)1s actuated in a step 88. For example, the
compressor can be actuated by engaging of a magnetic clutch
(c.g., 40) of the engine. Engaging of the magnetic clutch
allows for translation of power from the decelerating engine
to an engine pulley which provides power to allow for com-
pression of the refrigerant.

Subsequent to engaging the magnetic clutch, pressuriza-
tion of the refrigerant 1n the automotive air conditioning sys-
tem begins 1n step 90. Acceleration of the engine (e.g., 38) 1s
then detected 1n a step 92. In some cases, deceleration of the
engine and subsequent acceleration of the engine can occur 1n
a fairly short time frame, and 1n a repetitive manner. For
example, such acceleration and deceleration can occur during
stop and go traflic, 1n a local area where there are many stop
lights and/or stop signs, on roads having many curves and
turns, or 1n other related acceleration and deceleration related
events.

Subsequent to detecting an acceleration of the engine, the
magnetic clutch 1s disengaged in step 94, such that aload 1s no
longer placed on the engine. Subsequent to disengaging the
magnetic clutch in step 94, it 1s determined whether the air
conditioner 1s still 1n operation in a decision step 96. In the
event that the air conditioner 1s not still 1n operation, the
method ends 1n a step 100. In the event that the air conditioner
1s still 1n operation, operation of the automotive air condition-
ing unit continues 1n a step 98, and the pressurization of the
refrigerant of the automotive air conditioning system 1s
detected (i.e., 1n a repeat of step 82).

Returming to decision step 86, in the event that a decelera-
tion of the engine has not occurred, 1t 1s next determined
whether the refrigerant pressurization i1s below 200 ps1 (or
other minimum pressurization threshold value approprate
for a system) 1n a step 102. As previously mentioned, the
pressurization of the refrigerant can be monitored directly on
the high pressure side of the system, indirectly on the low
pressure side of the system, or in another position in the
system. When a relrigerant pressurization in an automotive
air conditioning system 1s below 200 ps1 1n this example, a
magnetic clutch operably linked to the engine 1s engaged 1n a
step 88a. Subsequent to engaging the magnetic clutch, com-
pression of the refrigerant 1n the automotive air conditioning,
system begins 1n a step 90aq.

After compression of the refrigerant begins, after an
amount of time, the system will detect that the refrigerant
pressurization 1s above an exemplary intermediate pressure of
about 250 psi1 (or other intermediate/acceleration pressuriza-
tion maximum value) i a step 103. When the refrigerant
pressurization 1s detected above 2350 psi, the system disen-
gages the magnetic clutch 1n a step 94. After disengaging the
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magnetic clutch in step 94, the method continues through
steps 96, 98, and/or 100, as previously described. Returning
to decision step 102, 1n which 1t 1s determined whether the
pressurization of the refrigerant in the automotive air condi-
tioning system 1s below 200 psi1, 1n the event that the refrig-
erant pressurization 1s not below 200 psi, steps 88a, 904, 103,
and 104 are circumvented and the system proceeds directly to
step 96 1n which 1t 1s determined whether the air conditioner
1s st1ll 1n operation.

By allowing for compression of the refrigerant in the
absence of a deceleration of the engine, minimum pressuriza-
tion parameters which facilitate proper operation of the air
conditioning system are maintained. Nevertheless, maintain-
ing pressurization of the refrigerant, during periods in which
no deceleration event has occurred, to an intermediate value
(e.g., a maximum of 250 ps1) can minimize the load that will
be placed on the engine. In particular, maintaining a maxi-
mum intermediate pressurization value (e.g., 250 psi1) 1n the
absence of deceleration of the engine can mimimize load on
the engine during periods in which the increased load would
result 1n additional energy consumption and reduced fuel
elficiency of the motor vehicle. Additionally, by pressurizing
the air conditioning system to a maximum of 2350 psi, an
amount ol pressurization capacity 1s maintained in the air
conditioning system to allow for additional pressurization of
the air conditioning system during a subsequent deceleration
event.

In particular, FIG. 3 1llustrates an embodiment 1n which a
maximum pressurization of 400 psi 1s allowed on the high
pressure side of the system during deceleration of the engine.
However, a maximum pressurization of 250 psi1 1s allowed
when the engine 1s not decelerating. In other words, 1n light of
the 200 psi pressurization minimum, 1n the event that the
engine 1s not 1n a deceleration mode, the pressurization of the
refrigerant on the high pressure side of the air conditioning
system 1s maintained between 250 ps1 and 200 psi. Thus,
when the engine begins to decelerate, the pressurization in the
air conditioning system can be increased from 250 psi1 to 400
psi. As a result, pressurization capacity 1s maintained for
compression of the refrigerant during deceleration when no
direct energy consumption—with 1ts attendant additional
engine fuel consumption—is required.

As will be appreciated by those skilled in the art, a variety
of types and configurations of methods for efficiently pres-
surizing refrigerant 1n an air conditioning system can be uti-
lized without departing from the scope and spirit of the
present invention. For example, 1n one embodiment a mini-
mum pressurization other than 200 psi 1s utilized. In another
embodiment, an intermediate (e.g., or acceleration/constant
speed maximum) pressure value other than 250 psi11s utilized.
In still another embodiment, a maximum pressurization other
than 400 psi 1s utilized as the maximum pressurization value.
In another embodiment, deceleration of the engine 1s 1denti-
fied belfore pressurization of the refrigerant 1s determined. In
yet another embodiment, pressurization of the refrigerant

automatically occurs subsequent to engaging the magnetic
clutch.

In another embodiment, pressurization of the refrigerant 1s
provided by a compressor, which 1s powered from the drive
shaft of the vehicle. In another embodiment, pressurization
can also or alternatively be provided from a counter shaft
located within the vehicle transmission. In another embodi-
ment, pressurization of the refrigerant 1s provided by a
mechanism other than the magnetic clutch and engine pulley
combination. In another embodiment, engine events in which
power can be transierred for pressurization of the refrigerant
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are 1dentified and utilized for pressurizing the refrigerant
when the engine 1s not decelerating.

FI1G. 4 1s a graphic 1llustrating pressurization of refrigerant
in an air conditioning system utilizing different systems and
methods of pressurization. In the illustrated embodiment, the
pressurization of the refrigerant on the high pressure side of
the system 1s depicted for illustrative purposes. Additionally,
the graphic depicts pressurization of the refrigerant over time.
Pressurization in the system 1s depicted on the Y axis in
pounds per square inch (1in a range of 400 ps1) with time being
depicted on the X axis. Pressurization of refrigerant 1s also
depicted 1n a traditional system 104, an efficiency mode 106,
and a dual-mode system 108. As will be appreciated by those
skilled 1n the art, the current, 1llustrative systems are included
for exemplary purposes only, and should not be considered to
be limiting 1n nature.

In the traditional system 104, pressurization of the refrig-
crant begins at a minimum pressurization of 200 psi. Com-
pression of the refrigerant begins increasing the pressuriza-
tion of the refrigerant from a pressurization minimum of 200
ps1 toward a pressurization maximum of 400 psi. Once the
pressurization of the refrigerant reaches 400 psi1, pressuriza-
tion of the refrigerant 1s discontinued, and operation of the air
conditioning system 1s allowed to continue. During operation
of the air conditioning system, pressurization in the system 1s
gradually lost over a period of time, such that the pressuriza-
tion of the refrigerant 1n the air conditioning system eventu-
ally returns to approximately 200 psi.

In the illustrated embodiment, pressurization and depres-
surization are depicted as linear in nature to more clearly and
simply 1llustrate a pressurization and depressurization cycle.
As will be appreciated by those skilled 1n the art, pressuriza-
tion and depressurization are products of a number of factors
that can significantly alter the actual pressurization over time.
Nevertheless, the 1llustrated graphic can be helptul to under-
stand the nature of the pressurization and depressurization
cycle.

Once pressurization in the traditional system 104 has
returned to approximately 200 psi, compression of the refrig-
crant 1n the air conditioning system 1s again commenced to
increase the pressurization in the system. From approxi-
mately time T7 to time T8, the pressurization 1n the system 1s
increased from 200 ps1 to 400 ps1, again returning the pres-
surization in the air conditioming system to approximately the
maximum pressurization. Once the pressurization has
reached the maximum pressurization of 400 ps1 at time T8,
compression to increase the pressurization in the air condi-
tioming system 1s de-actuated. Between time T8 and T10, the
pressurization ol the refrigerant gradually declines during
operation of the air conditioning system.

In the illustrated embodiment of the present invention, an
elficiency mode 106 1s also depicted. Efficiency mode 106
represents compression of a refrigerant 1n the air conditioning,
system ol a motor vehicle when the motor vehicle 1s acceler-
ating or, 1n other words, 1 the absence of a deceleration cycle
in the engine of the motor vehicle. In the illustrated embodi-
ment, the pressurization of the refrigerant begins at the
example pressure of about 200 psi. The refrigerant 1s then
compressed to increase the pressurization in the air condition-
ing system such that at a time T1, the pressurization of the
system reaches approximately 250 psi (the example interme-
diate pressure). Once the pressurization reaches 250 psi1, com-
pression of the refrigerant 1s de-actuated.

Of course, operation of the air conditioning system can be
allowed to continue even when compression 1s no longer
occurring. As a result, FIG. 4 shows that the pressurization of
the refrigerant gradually declines from about 250 ps1 to
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approximately about 200 ps1 over an amount of time. Once
the pressurization of the refrigerant in the air conditioning
system approaches 200 ps1 (and no deceleration 1s detected),
compression of the refrigerant 1s again actuated to increase
the pressurization to return the pressurization to approxi-
mately 250 psi1 at approximately a time T4. The compression
and decompression cycle corresponding with the efliciency
mode leaves a compression capacity in the air conditioning
system.

The compression capacity allows for pressurization of the
refrigerant utilizing deceleration of the engine of the motor
vehicle to increase the pressurization beyond the example
intermediate pressure of about 250 ps1 to a pressurization
maximum, such as an exemplary pressurization maximum of
about 400 psi1. The efficiency mode 106 thus represents a
pressurization and depressurization cycle in the absence of
compression utilizing deceleration of the engine of the motor
vehicle. As will be appreciated by those skilled 1n the art,
elliciency gains can also be realized by utilizing the efficiency
mode 1n the absence of a compression utilizing deceleration
or other waste kinetic or potential energy 1n the system.

In the 1llustrated embodiment, for example, a dual-mode
pressurization 1s illustrated by dual system 108. In the illus-
trated embodiment, dual system 108 starts at an nitial mini-
mum pressurization of 200 psi. When the minimum pressur-
ization of 200 psi 1s 1dentified, pressurization of the
refrigerant in the air conditioning system 1s actuated, and the
alr pressurization 1s increased to approximately 250 psi. Once
the pressurization in the dual system 108 reaches 250 psi,
compression of the refrigerant 1s de-actuated (1.€., no engine
deceleration 1s available to otherwise rotate the engine/ve-
hicle power train and then operate the compressor). Ongoing
operation of the air conditioning system 1s nevertheless per-
mitted, such that the pressure 1n the air conditioming system
gradually decreases. In the illustrated embodiment, compres-
s1on of the refrigerant in dual system 108 to a pressurization
limit of 250 psi1 at time T1 may correspond with an accelera-
tion cycle, or other form of active engine power (e.g., constant
power output during constant speed).

As previously mentioned, therefore, the 250 ps1 pressur-
1zation limit 1n this example represents a maximum 1nterme-
diate limait, such as an acceleration pressurization maximum
value. The acceleration pressurization maximum value pro-
vides pressurization capacity in the system in the event a
deceleration 1n the engine of the motor vehicle occurs. In the
illustrated embodiment, deceleration of the engine occurs 1n
the motor vehicle at approximately a time T2. At the begin-
ning of the deceleration of the engine at time T2, compression
of the refnigerant in the air conditioning system 1s again
commenced to increase the pressurization of the refrigerant
during the deceleration. In the illustrated embodiment, the
pressurization in the air conditioning system is increased
from approximately 220 psi to a maximum pressurization of
approximately 400 ps1 at a time T4. The increase 1n pressur-
1zation from approximately 220 psi1 to approximately 400 psi
corresponds with the deceleration of the engine (for which
refrigerant pressurization 1s allowed beyond the intermediate
value).

Once the maximum pressurization ol 400 psi 1n the air
conditioning system 1s reached, compression of the refriger-
ant 1s discontinued and the pressurization 1n the air condition-
ing system 1s allowed to gradually decrease during operation
ol the air conditioning system. Operation of the air condition-
ing system 1n cooling the ambient temperature of the passen-
ger compartment of the motor vehicle has been previously
described. As the pressurization begins to decrease, at
approximately a time T3, the pressurization reaches a decel-
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eration pressure minimum value of approximately 390 psi. As
with every other pressure value discussed herein, the decel-
eration pressure minimum value of 390 psi1 1s exemplary 1n
nature for at least one implementation, and should not be
considered to be limiting 1n nature.

In any event, the deceleration pressurization minimum
value corresponds with a minimum refrigerant pressurization
that 1s allowed during deceleration of the engine. In other
words, during deceleration of the engine, pressurization on
the high pressure side of the air conditioning system 1s main-
tained at near maximum levels. This maintains a desired high
level of pressurization in the air conditioning system while
the engine 1s decelerating. Additionally, providing a decelera-
tion pressurization minimum value prevents continuous stop-
ping and starting of the compression cycle when the compres-
sion cycle falls only a few psi below the pressurization
maximum. In this manner, unnecessary fatigue on the system
caused by continuous stopping and starting of the compres-
s10n 1s prevented while also maintaining the pressurization at
desired, optimized pressurization levels.

As previously discussed, when the pressurization of the
refrigerant 1n the air conditioning system approaches 390 psi
(or the established deceleration pressurization mimmum),
compression of the refrigerant 1s again resumed to 1ncrease
the pressurization in the air conditioning system to the pres-
surization maximum of 400 ps1 at time T6. As a result, the
dual system 108 allows for pressurization to occur in an
eificient and optimized manner during deceleration of the
motor vehicle to maintain compression in the system at near
maximum levels during deceleration of the engine. At a time
16, when the pressurization maximum has again been
reached, compression of the refrigerant 1s discontinued. The
compression 1n the system begins to decrease as operation of
the air conditioning system continues in the absence of addi-
tional compression in the system.

When the pressurization of the refrigerant in the air condi-
tioming system again reaches the deceleration pressurization
mimmum shortly before a time 17, the engine of the motor
vehicle 1s no longer decelerating. As aresult, pressurization in
the system 1s allowed to continue to decrease from the 390 psi
to as low as the pressurization minimum of 200 psi. In the
illustrated embodiment, shortly before a time T8, at approxi-
mately a pressurization of 300 psi, the engine of the motor
vehicle again begins to decelerate. As a result, compression of
the refrigerant again begins to increase the pressurization in
the air conditioming system from 300 psi toward the pressur-
ization maximum. In the illustrated embodiment, the length
of the deceleration of the engine 1s somewhat constricted,
such that a deceleration of the engine 1s discontinued at
approximately a time T8. As a result, additional compression
of the refrigerant in the motor vehicle 1s discontinued, and the
pressurization ol the refrigerant begins to decrease in the
absence of such deceleration.

In this particular example, when the pressurization of the
refrigerant falls below 300 ps1, the engine again begins to
decelerate, and compression of the refrigerant again resumes.
The pressurization of the refrigerant again reaches the pres-
surization maximum of 400 psi due to the length of decelera-
tion of the engine. Once the pressurization maximum of 400
ps1 1s reached, compression 1s again discontinued and the
pressurization in the system begins to drop. In the illustrated
embodiment, recommencing ol the pressurization of the
reirigerant in the air conditioning system resumes before the
deceleration minimum 1s reached. This 1s due to the fact that
a short acceleration cycle occurred between the reaching of
the maximum pressurization and recommencing of compres-
s1on of the system. In other words, at the beginning of a new
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deceleration event, pressurization in the system 1s identified
to be below the pressurization maximum value, and compres-
sion ol the system 1s again commenced until the point at
which the pressurization in the system again reaches the
pressurization maximum of 400 psi.

In the illustrated embodiment, operation of the dual system
108 allows for maintaining of the pressurization of the refrig-
crant 1n the air conditioning system in the absence of a decel-
eration cycle 1n a very similar manner as that depicted with
regard to the efficiency mode 106. When a deceleration event
occurs, sullicient capacity exits in the system to allow for
additional compression of the refrigerant above and beyond
the efficiency mode maximum to a deceleration mode maxi-
mum, which 1s higher than the efficiency mode maximum.
During multiple acceleration and deceleration events, com-
pression of the pressurization of the refrigerant 1s allowed to
operate to maximize deceleration events, in order to maxi-
mize pressurization of the refrigerant in the air conditioning,
system during such deceleration events.

As will be appreciated by those skilled in the art, a varniety
of types and configurations of air conditioning systems,
including dual-mode systems, can be utilized without depart-
ing from the scope and spirit of the present mvention. For
example, according to one embodiment of the present inven-
tion, the pressurization values including the pressurization
minimum value, the efficiency mode maximum value, the
deceleration mode minimum value, and the maximum pres-
surization values are selected based on the particular design
of the system, the type of refrigerant utilized, and other oper-
ating parameters corresponding with the air conditioning sys-
tem, including ambient temperature, and the like. According
to another embodiment of the present invention, values cor-
responding with low pressure side values are selected based
on estimated corresponding pressure values on the high pres-
sure side of the engine.

According to another embodiment of the present invention,
compression ol the refrigerant occurs during deceleration
cycles without utilizing an efficiency mode. As a result, when
pressurization in the system falls below the pressurization
minimum value, a compression cycle 1s started. Compression
of the system 1s continued until the pressurization maximum
1s reached. As the pressure 1n the system continues to
decrease, the occurrence of a deceleration event will start
compression to increase the pressurization of the system until
the pressurization maximum 1s again detected. According to
another embodiment of the present invention, the actuation of
compression will not occur during a deceleration event until
the pressurization in the system falls below the deceleration
pressurization mimmuim value.

FIG. 5 1s a schematic of an electronic circuit utilized 1n
connection with an air conditioning system configured to
elficiently compress an air conditioner refrigerant 1n an air
conditioning system. In the 1llustrated embodiment, a clutch
110 1s depicted. Clutch 110 1s linked to an accelerator switch
112. Accelerator switch 112 provides an indication of
whether an engine of the motor vehicle 1s accelerating or
decelerating. When the engine 1s accelerating, the accelerator
switch 112 1s 1n contact with an accelerate contact of the
accelerator switch 112. When the engine 1s decelerating, the
accelerator switch 112 1s 1n contact with a decelerator contact
of the accelerator switch 112. As will be appreciated by those
skilled 1n the art, switching between accelerate contact and
decelerate contact can occur 1n response to one or more con-
ditions other than traditional acceleration or deceleration of
the engine. For example, switching to decelerate contact can
occur 1n any instance in which waste kinetic or potential
energy can be utilized to operate the compressor.
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In the 1illustrated embodiment, the accelerator switch 112
comprises a Single Pole, Double Throw (“SPDT”) switch,
which provides alternating contact between the accelerating
and decelerating mode. As will be appreciated by those
skilled 1n the art, a different switch configuration, which
provides an indication of acceleration and deceleration, can
also or alternatively be provided. In any event, when the
illustrated accelerator switch 112 1s 1n the accelerate mode
and 1n contact with the accelerate contact, clutch 110 1s placed
in connection with an efficiency switch 114.

Efficiency switch 114 provides an indication of the pres-
surization of the refrigerant in the air conditioning system. In
the illustrated embodiment, when the pressurization of the
refrigerant on the high pressure side of the air conditioning,
system exceeds an exemplary pressurization of 250 psi1, elll-
ciency switch 114 1s opened preventing engaging of clutch
110. When the pressurization of the refrigerant in the air
conditioning system of less than 200 psi, the efficiency switch
114 closes allowing for engaging of clutch 110. Engaging of
clutch 110 results 1n transferring of power from the motor
vehicle engine to the compressor, which power 1s utilized to
compress the refrigerant 1n the air conditioning system.

When the accelerator switch 112 indicates that the engine
1s decelerating, and 1s 1n contact with the decelerate contact
(as 1s shown in the illustrated embodiment), clutch 110 1s
placed 1n contact with pressure switch 116. Pressure switch
116 thus provides an indication of the pressurization of the
refrigerant on the high pressure side 1n the air conditioning
system. When the engine 1s decelerating, as 1s indicated by the
accelerator switch 112, pressure switch 116 allows for maxi-
mization of the pressurization of the refrigerant in the air
conditioning system. In the illustrated embodiment, when the
pressurization of the refrigerant on the high pressure side of
the air conditioning system reaches a maximum pressuriza-
tion, such as the illustrated exemplary pressurization of 400
psi1, the high pressure switch 116 opens.

Opening of pressure switch 116 prevents additional
engagement of clutch 110 1n a manner that would result 1n
additional compression of the refrigerant in the air condition-
ing system. When the pressurization of the refrigerant falls to
below 390 psi1, which 1n the illustrated embodiment repre-
sents a deceleration pressurization minimum value, pressure
switch 116 1s closed. Closing of the pressure switch 116
engages clutch 110, resulting 1n actuation of the compressor,
and an icrease 1n pressurization of the refrigerant on the high
pressure side of the air conditioning system. In this manner,
when the accelerator switch 112 indicates that the engine 1s
decelerating, pressurization in the air conditioning system 1s
maintained at near maximum values by the pressure switch
116.

In the illustrated embodiment, a thermal shut-oft switch
118 1s also provided. Thermal shut-off switch 118 provides an
indication that the engine or other relevant motor vehicle
component 1s overheating (or approaching a high temperature
limat). Typically, such excessive heating 1n the air condition-
ing system occurs as a result of one or a plurality of factors. In
any event, additional engine and or heat load exerted by air
conditioning system 1n the absence of the deceleration cycle
can contribute to overheating of the engine or other system
components. As a result, thermal shut-off switch 118 opens
when the temperature of the engine exceeds or approaches a
dangerous or upper threshold.

In one embodiment, thermal shut-oft switch 118 can mini-
mize additional burden on the radiator system of the motor
vehicle by the air conditioning system that can also slow
cooling of the engine or other system components. As a result,
clutch 110 1s prevented from being engaged, minimizing any
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additional load that could be exerted on the engine to charge
the refrigerant 1n the air conditioning system (or other factor
that could contribute to overheating of the engine). In the
illustrated embodiment, a ground 120 and a ground 122 are
also depicted. Ground 120 1s provided in connection with
clutch 110 to maintain a safe electrical connection between
clutch 110 and the components of the system. Similarly,
ground 122 is 1n connection with thermal shut-off switch 118
to maintain a safe connection with the components of the
system 1n the operating environment.

As will be appreciated by those skilled in the art, a varniety
of types and configurations of electronic circuitry can be
provided to allow for efficient charging of an air conditioner
refrigerant as part of an air conditioning system without
departing from the scope and spirit of the present invention.
For example, according to one embodiment of the present
invention, the thermal shut-off switch 1s configured to operate
only when the engine 1s accelerating such that the thermal
shutoif does not prevent actuating of the compressor during,
deceleration of the engine.

According to another embodiment of the present invention,
rather than providing switch-type sensors to indicate the pres-
surization and/or acceleration/deceleration mode of the
engine, non-switch type sensors are provided. According to
another embodiment of the present invention, dynamic sen-
sors such as digital, analog, or other mechanisms that provide
an indication of the pressurization of the refrigerant in the
system are provided. According to another embodiment of the
present invention, additional components are provided to
allow control of compression, or other desired functionality
of the system, including software, microprocessors, or the
like.

The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or essential character-
istics. The described embodiments are to be considered 1n all
respects only as illustrative and not restrictive. The scope of
the ivention 1s, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

The invention claimed 1s:

1. An air conditioning system for a motor vehicle compris-

ng:

a motor vehicle engine configured for imparting power to
move the motor vehicle, such that power previously
imparted to the motor vehicle 1s available as vehicle
waste energy when the motor vehicle engine reduces its
power output; and

an air conditioning compressor disengageably coupled to
the motor vehicle engine with one or more components
configured for compressing refrigerant with vehicle
waste energy after the motor vehicle engine reduces its
power output;

wherein the one or more component are configured for:

disengaging the air conditioning compressor from the
motor vehicle engine during acceleration or constant
output of the motor vehicle engine; and

engaging the air conditioning compressor with the
motor vehicle engine upon detecting that the motor
vehicle engine reduces its power output.

2. The system as recited 1n claim 1, wherein the air condi-
tioning compressor operates in concert with the production of
vehicle waste kinetic energy.

3. The system as recited 1n claim 1, wherein the air condi-
tioning compressor 1s configured to compress the refrigerant
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with vehicle waste energy generated when the motor vehicle
1s traveling down hill after the engine of the motor vehicle
reduces 1ts power output.

4. The system as recited in claim 1, wherein the motor
vehicle comprises:

a controller; and
a self-charging motor;

wherein the controller 1s configured to engage one or both
of the air conditioning compressor or the self-charging
motor upon detecting engine deceleration.

5. The system as recited 1n claim 4, wherein at least a
portion of the vehicle waste energy is stored 1 a vehicle
battery.

6. The system as recited 1n claim 4, further comprising:

an engine accelerator/decelerator switch coupled to the
controller:
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wherein the controller 1s configured to engage one or both
of the air conditioning compressor or the self-charging
motor upon receiving a signal from the accelerator/de-
celerator switch.

7. The system as recited 1n claim 6, wherein the engine
accelerator/decelerator switch 1s coupled to a gas pedal of the
motor vehicle, such that acceleration or deceleration of the
motor vehicle engine 1s 1dentified based on depression or
release of the gas pedal.

8. The system as recited 1n claim 6, wherein the engine
accelerator/decelerator switch 1s coupled to an axle of the
motor vehicle, such that acceleration or deceleration of the
motor vehicle engine 1s 1dentified based on the direction of
torque 1n the motor vehicle axle.

9. The system as recited 1n claim 8, wherein the axle 1s a
vehicle drive shaft between the motor vehicle engine and one
or more vehicle driving wheels of the motor vehicle.

G o e = x
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